Genes located on the CTX element and the Vibrio cholerae pathogenicity island (VPI) were investigated in 297 clinical V. cholerae O1 and 76 environmental O1 and non-O1 isolates from Brazil between 1991 and 1999. RAPD analysis suggested that serogroup O1 strains regardless of clinical or environmental source were clonal while non-O1 strains showed greater diversity. PCR analysis showed that 71% of O1 clinical isolates had a complete set of CTX element target genes (ctxA, ctxB, zot and ace) and 68% a complete set of the VPI genes studied (orf1, aldA, tagA, tcpA, toxT and int genes). The results also showed that 72.4% of environmental O1 isolates possessed ctxA, ctxB, zot and ace genes while environmental non-O1 strains rarely possessed virulence genes. Our data are consistent with the hypothesis that the CTX element and the VPI can have a mosaic structure in some V. cholerae strains, genotype diversity is due to the circulation of virulence genes which are more commonly found in O1 strains in Brazil. This study also shows that the aquatic environment is a potential source for virulence genes and toxigenic V. cholerae during epidemic periods. ß 2002 Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
Introduction
Vibrio cholerae as a species includes both pathogenic and non-pathogenic strains that vary in their virulence gene content [1, 2] . Pathogenic and epidemic strains of V. cholerae possess two essential genetic elements which are absent in non-pathogenic strains, the CTX element [3] and the V. cholerae pathogenicity island (VPI) [4] . The CTX element encodes cholera toxin (CT) which is primarily responsible for the severe secretory diarrhea. The CT and adjacent genes are part of a lysogenic ¢lamentous bacteriophage [5] . The VPI, which also appears to be derived from a bacteriophage, is a 41.2-kb pathogenicity island potentially encoding 29 proteins [4, 6, 7] . The type IV pilus toxin-coregulated pilus (TCP) is encoded by the VPI and functions both as an essential colonization factor and as a receptor for the CTXx [5, 8] .
The current seventh pandemic of cholera began in 1961 on the island of Sulawesi and soon spread worldwide [9] . In January 1991 cholera appeared in many Latin American countries after a period of about 100 years of absence [10, 11] . In Brazil, 167 718 clinical cholera cases were documented and 2009 deaths recorded between 1991 and 1999. The disease began and occurred mainly in the northeastern region of the country and accounted for 92.1% of the country's total cases [12^14] . However, due to poor sanitation conditions cholera epidemics still occur in some Brazilian States, such as Pernambuco and Alagoas [13] .
It has been suggested that non-toxigenic environmental strains of V. cholerae can emerge into epidemic strains if they acquire the appropriate set of virulence genes [4, 7, 15] . However, the prevalence of virulence genes in environmental strains is not well understood. In order to better under-stand the epidemiology and origin of pathogenic strains, we determined the prevalence of virulence genes in clinical and environmental V. cholerae strains isolated in Brazil over a 9-year period (1991^1999).
Materials and methods

Bacterial strains
V. cholerae strains used in this study were isolated between 1991 and 1999 from 14 Brazilian States (Table 1) . We studied 297 clinical isolates with serogroup O1 and 76 environmental isolates having either O1 antigen (58 strains) or non-O1 antigen (18 strains). Environmental V. cholerae strains were isolated from sewage, waste water, tap water, well water, stream water, or rivers. Bacterial strains were subcultured in alkaline peptone water and streaked onto TCBS agar (Oxoid) to verify purity of V. cholerae strains.
Serology
Serogroups of all isolates in this study were con¢rmed by polyvalent O1 and monospeci¢c Inaba and Ogawa antisera, prepared at the 'Centro de Refere "ncia Nacional para Co ¤ lera e outras Enteroinfeccc°o ‹ es (CRNCE)', Departamento de Bacteriologia, IOC, FIOCRUZ, Rio de Janeiro, Brazil. Strains which did not agglutinate with O1 antisera were considered non-O1.
Cell lysis and polymerase chain reaction (PCR) assays
V. cholerae strains were subcultured on Luria^Bertani agar, suspended in sterile deionized water to a turbidity of 2.0 McFarland standard and then boiled for 10 min. Clinical O1 strains N16961 (El Tor) and 395 (classical) were used as positive controls for CTX element and VPI genes. Environmental O1 strain ATCC 14033 was used as a negative control. Primers designed for PCR analysis of CTX genes (ctxA, ctxB, zot and ace) and VPI genes (orf1, aldA, tagA, tcpA (both El Tor and classical alleles), toxT and int) are shown in Table 2 with their ampli¢cation conditions. PCR was performed as described by Saiki et al. [19] . PCR was performed in a Gene Amp PCR System 9700 (PE Applied Biosystems) using 50-Wl reaction volumes containing 10 mM Tris^HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.20 mM of each deoxynucleoside triphosphate (Gibco BRL), 50 pmol of each primer, 1.5 U of Taq polymerase (Gibco BRL) and 5 Wl of bacterial lysate. Ampli¢ed DNA products were visualized by gel electrophoresis on 1% agarose gels after staining with ethidium bromide. Negative PCR reactions were tested twice.
2.4. DNA extraction and random ampli¢ed polymorphic DNA (RAPD) analysis V. cholerae DNA was extracted and puri¢ed using the Wizard Genomic DNA Puri¢cation Kit (Promega). RAPD analyses were performed by the use of the Ready-To-Go RAPD Analysis Kit (Amersham Pharmacia Biotech). It includes a primer set consisting of six primers (10-mers) of arbitrary sequence, which were screened for the ability to provide a suitable band pattern with V. cholerae strains. The primer selected was P6 (Table 2 ) and the PCR reaction was carried out using 20 ng of puri¢ed V. cholerae DNA. The PCR products were electrophoresed on a 2% agarose gel, stained by ethidium bromide, and observed under UV light. A 100-bp ladder (Gibco BRL) was used as a molecular mass marker. The RAPD method was applied with all strains at least two times.
Analysis of RAPD data
The relatedness of the RAPD pro¢les derived from the DNA ampli¢cation of 64 V. cholerae isolates with primer P6 was estimated based on the presence or absence of shared bands. The similarities between ¢ngerprints were determined by construction of a similarity matrix using the Dice coe⁄cient with 1.5% position tolerance, which generated a dendrogram using the UPGMA clustering algorithm and the NTSYS-PC Program (Numerical Taxonomy and multivariate Analysis System), 1.7 version (Exeter Software, Setaukes, NY, USA).
Results
PCR analysis showed that 211 clinical O1 strains (71%) contained all CTX genes tested, while 202 strains (68%) contained all VPI genes tested (Tables 3 and 4) . It is important to note that a complete set of all CTX and VPI genes was only found in clinical O1 strains. Interestingly, ¢ve (1.7%) of 297 V. cholerae O1 clinical isolates lacked all CTX genes tested ; 57 (19.2%) did not contain ctxB ; 31 (10.4%) did not possess ctxA; and eight (2.7%) did not contain the zot gene (Table 3 ). With regard to VPI genes, PCR analysis found that a proportion of clinical O1 strains did not have tagA (12.1%), toxT (10.4%), and int (8.1%), representing variation in genetic structure at the left, center and right ends of the VPI, respectively. Most of the clinical O1 strains (97.6%) were positive for tcpA (El Tor allele) while one clinical O1 strain (strain 189) pos- sessed tcpA of the sixth pandemic (classical) strain and lacked tagA. For the 58 environmental V. cholerae O1 strains PCR analysis showed that all of them (100%) contained at least one gene on the CTX element. Remarkably, 42 strains (72.4%) were positive for all the CTX genes tested. Thirteen strains (22.4%) did not have ctxB, and ¢ve strains (8.6%) lacked ctxA. PCR analysis found that 37.9% of the environmental V. cholerae O1 strains had the VPIencoded orf1 (86.2%), aldA (74.1%), and tagA (62.1%) genes. We identi¢ed six strains that possessed the tcpA gene.
In contrast to environmental O1 strains, none of the environmental non-O1 strains contained any CTX genes (Table 3 ). Similar to the PCR results of environmental O1 strains, none of the environmental non-O1 strains were positive for all of the VPI genes tested (Table 4) .
In order to determine the genetic relatedness among the V. cholerae strains tested, the RAPD DNA ¢ngerprinting method was performed with a selection of 28 clinical O1 strains and 36 environmental isolates having either O1 antigen (18 strains) or non-O1 antigen (18 strains). These strains were selected based on the di¡erent virulence gene contents obtained in the PCR assays (Tables 3 and 4) .
The RAPD patterns of the 28 clinical O1 strains except for two strains (strains 152 and 189) were quite similar to each other and to those of the 18 environmental O1 strains (Fig. 2) . Strain 152 did not have the complete genetic element and strain 189 was Classical biotype. Furthermore, when the 18 non-O1 strains were analyzed, 15 different RAPD pro¢les were obtained. Representative RAPD pro¢les of the V. cholerae strains are shown in Fig. 1 .
Discussion
PCR analysis performed with the clinical V. cholerae O1 isolates showed that there is heterogeneity in the genetic structure of the CTX element in some strains. These ¢nd- 3  3  3  3  3  3  3  1  1 3  Total  297  58  18 ings are consistent with other studies which reported incomplete CTX elements [2, 18, 20] . Furthermore, our data suggest that 30% of the V. cholerae O1 strains in Brazil do not have a complete VPI. Forty-four (95.7%) V. cholerae O1 strains from either clinical or environmental sources showed the same RAPD ¢ngerprint as the clinical V. cholerae O1 strain N16961 (El Tor, a representative seventh pandemic strain). However, strain 189 (O1 clinical) gave the same ¢ngerprint as strain 395 (classical, a representative of the sixth pandemic) suggesting its relationship to that clone. Although current V. cholerae isolates in Brazil are due to the seventh pandemic (El Tor) strain, strain 189 also possessed tcpA of the sixth (classical) pandemic. Although the presence of the tcpA (classical, sixth pandemic) gene has been reported in Brazilian environmental isolates [2] , our study is the ¢rst report of a Brazilian clinical isolate with the properties of sixth pandemic classical biotype strains.
Interestingly, seven clinical O1 strains were identi¢ed that lacked a tcpA allele. This ¢nding is somewhat unexpected since tcpA is the major subunit of TCP, an essential intestinal colonization factor [8, 21] and receptor for the phage encoding CT [5] . Our ¢nding of strains with marked di¡erences in the genetic structure of the VPI supports the ¢ndings of Mukhopadhyay et al. [22] . The tcpA gene has a high level of polymorphism and our ¢ndings are consistent with other studies, which have shown that there is a large pool of variation in the genetic structures of both the CTX element and the VPI in clinical V. cholerae O1 strains [7, 22] .
With regard to the environmental O1 isolates, it is quite possible to assume that these strains represent toxigenic strains, which have been shed into the environment from clinical cases. However, none of the environmental O1 strains had a complete set of all of the VPI genes tested. This suggests that (i) some O1 strains acquired the CTX element independently of the VPI ; (ii) they have lost the VPI ; or (iii) the VPI has undergone genetic variation in its structure.
Environmental O1 strains containing VPI and CTX genes could act as potential reservoirs of these genes, which under speci¢c conditions might be able to be transferred to other strains. Our ¢ndings also suggest that environmental O1 strains could emerge into strains with epidemic ability if they acquire appropriate virulence genes. It has been proposed that epidemic strains are derived from non-toxigenic environmental strains [15] .
Our results suggest that non-O1 strains are not a major reservoir of VPI and CTX genes and non-O1 strains containing virulence genes are rarely found even in epidemic periods. This might help explain why clinical isolates are typically associated with O1 strains. These ¢ndings do not, however, rule out that non-O1 strains could acquire the VPI and CTX elements under some speci¢c conditions and emerge into strains with epidemic potential. As seen by the emergence of O139 Bengal, recombination of O antigen genes can also result in novel toxigenic non-O1 strains [23^25] .
The data obtained by RAPD analysis indicating that clinical O1 strains are clonal are in agreement with another study which reported the clonal structure of Brazilian epidemic strains [26] . Interestingly, our study showed that clinical O1 strains are closely related to environmental O1 strains, regardless of their virulence gene content, year and place of isolation. Our ¢nding that V. cholerae non-O1 strains produce a variety of RAPD pro¢les suggests that V. cholerae non-O1 strains are genetically very heterogeneous and is consistent with previous studies [26] .
Although the use of chromosomal DNA could be considered a better template for PCR analysis, we believe that using whole cell lysates as templates is suitable for determining the prevalence of genes in a large number of bacterial strains. Another limitation of this study is that only PCR analysis was used. The lack of detection of a particular gene by PCR analysis may therefore either indicate that a gene is absent or may re£ect sequence divergence. Either possibility is noteworthy and can be studied further.
In conclusion, our study shows that there is a large pool of virulence genes in V. cholerae populations. We found that there is genetic polymorphism in the genetic structure of the VPI and CTX element between V. cholerae strains isolated in Brazil during epidemic periods. Interestingly, although the RAPD data suggested that environmental O1 strains were similar to clinical O1 and clonal in nature, a complete set of virulence genes was only found in clinical O1 strains supporting the role of the VPI and CTX genes in virulence of V. cholerae. Our study also suggests virulence genes in environmental O1 strains could be a source for horizontal gene transfer and result in the emergence of novel strains with epidemic potential.
